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Summary
Objective: Currently there is no agreed ‘‘gold standard’’ deﬁnition of radiographic hand osteoarthritis (RHOA) for use in epidemiological stud-
ies. We therefore undertook a systematic search and narrative review of community-based epidemiological studies of hand osteoarthritis (OA)
to identify (1) grading systems used, (2) deﬁnitions of radiographic OA for individual joints and (3) deﬁnitions of overall RHOA.
Methods: The following electronic databases were searched: Medline, Embase, Science Citation Index and Ageline (inception to Dec 2006).
The search strategy combined terms for ‘‘hand’’ and speciﬁc joint sites, OA and radiography. Inclusion and exclusion criteria were applied.
Data were extracted from each paper covering: hand joints studied, grading system used, deﬁnitions applied for OA at individual joints
and overall RHOA.
Results: Titles and abstracts of 829 publications were reviewed and the full texts of 399 papers were obtained. One hundred ﬁfty-two met the
inclusion criteria and 24 additional papers identiﬁed from screening references. Kellgren and Lawrence (K&L) was the most frequently applied
grading system used in 80% (n¼ 141) of studies. In 71 studies deﬁning OA at the individual joint level 69 (97%) used a deﬁnition of K&L grade
2. Only 53 publications deﬁned overall RHOA, using 21 different deﬁnitions based on ﬁve grading systems.
Conclusion: The K&L scheme remains the most frequently used grading system. There is a consistency in deﬁning OA in a single hand joint
as K&L grade 2. However, there are substantial variations in the deﬁnitions of overall RHOA in epidemiological studies.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Osteoarthritis (OA) is a leading cause of pain and disability
in older adults and predominately affects the knees, hips
and hands1. Despite the high prevalence of hand OA, it re-
ceives less attention than knee and hip OA because of the
considerable functional impact that pain in weight-bearing
joints has on locomotor disability2. However, older people
with hand OA report signiﬁcant pain and interference with
function in their everyday life3e5.
Estimates of the prevalence of radiographic hand OA
(RHOA) in the general population range from 28.9% to
76% and this variation may be partly due to differences in
the radiographic deﬁnitions used3,6,7. Comparisons be-
tween epidemiological studies have been hampered by
a lack of consistent deﬁnitions8. Such variations in radio-
graphic deﬁnitions have also been cited as a potential
cause of the inconsistency in the observed associations1The Medical Research Council, UK, funded the hand OA pro-
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219between radiographic hand OA and pain and disability
across different studies9.
A number of schemes have been developed for deﬁning
and grading radiographic features of OA in the hand. The
ﬁrst of these, which examined a number of radiological fea-
tures of OA on a ﬁve-point scale of severity, was developed
by Kellgren and Lawrence (K&L) in 1957 and culminated
in the publishing of an atlas of radiographic images in
196310,11. This atlas was used for a number of decades
before further atlases were developed12e19. The majority
of these atlases involved grading and quantifying individual
component features such as joint space narrowing (JSN),
osteophytes, subchondral sclerosis, subchondral cysts
and lateral deformity.
The objective of this review was to systematically search
and review the methods for diagnosing radiographic hand
OA within published population-based epidemiological
studies. This included reviewing the differing joint groups
studied, the scoring systems used, deﬁnitions of joint OA
applied and diagnoses of hand OA used.Methods
A search strategy was developed to identify all publica-
tions in electronic databases evaluating hand OA radio-
graphically. Abstracts were screened for relevance using
established selection criteria, full articles were obtained for
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papers that met the selection criteria.SEARCH STRATEGYPublications were obtained from an online search of the
following electronic databases: Medline (1951eDecember
2006), Embase (1974eDecember 2006), Web of Science
including the Science Citation Index and Social Sciences
Citation Index (1970eDecember 2006), Institute of Scien-
tiﬁc Information (ISI) Proceedings (1990eDecember
2006), Cochrane (1997eDecember 2006), Ageline (1978e
December 2006), AMED Allied & Complementary Medicine
(1985eDecember 2006), CINAHL (1982eDecember 2006),
BNI British Nursing Index (1994eDecember 2006), Ageinfo
(1906eDecember 2006), and Sports Discus (1800e
December 2006). All papers published up to and including
the end of December 2006 were eligible for inclusion
in the review. This included advanced electronic publica-
tions that were available online until the end of the search
period.
The search used the following free text terms: ‘‘Radio-
graph$ OR Radiolog$ or X ray OR Imaging OR Roentgen
OR Roentgenogram OR Roentgenology or Rontgen’’ and
‘‘Hand OR Finger OR Thumb OR Interphalangeal OR Inter
Phalangeal OR Metacarpophalangeal OR Metacarpo Pha-
langeal OR Carpometacarpal OR Carpo Metacarpal OR
Trapeziometacarpal OR Trapezio Metacarpal OR Trapezio-
scaphoid OR Trapezio Scaphoid’’ and ‘‘Osteoarthr$ OR
OA’’. Subject-indexing terms were used where possible
and included: Radiography, Imaging, Radiology, Hand, Os-
teoarthritis and Arthritis and Rheumatism. References from
all identiﬁed papers were also screened for any additional
potentially relevant documents that should be included in
this review.SELECTION CRITERIAThe abstracts were independently evaluated by applying
the following selection criteria. Inclusion criteria were as fol-
lows: (1) the study population contained adults aged 18
years and over, (2) any or all of the following joints of the
hand had been examined: distal interphalangeal joints
(DIPs), proximal interphalangeal joints (PIPs), interphalan-
geal joint of the thumb (IP thumb), metacarpophalangeal
joints (MCPs), ﬁrst carpometacarpal joint (1CMC), trapezio-
scaphoid joint (TS), (3) plain ﬁlm radiography had been
used to assess the presence of OA, (4) the papers were
in the English language, (5) epidemiological studies were
cross-sectional, caseecontrol or cohort studies, and (6) par-
ticipants had been selected from the general population.
Exclusion criteria were as follows: (1) studies that used
macroradiography, computerised tomography (CT), mag-
netic resonance imaging (MRI), ultrasound or scintigraphy,
(2) abstracts and narrative reviews of previous research,
(3) clinical trials, and (4) participants selected from clinical
settings. If the eligibility could not be considered on the
basis of the abstract, the full paper was obtained.DATA EXTRACTIONFull texts were obtained for all abstracts that met the se-
lection criteria or those where more detail was required. The
full papers were reviewed to ascertain whether they met in-
clusion criteria and to determine whether data extraction
was completed. The following information was obtainedfor each paper: which joints were examined, how the IP
thumb joint was classiﬁed, the radiographic grading sys-
tem(s) used, deﬁnitions of radiographic OA at joint level
and overall hand level, other methods of analysing
the data (e.g., summed scores and highest grade awarded
to any joint) and any further references that were relevant
to the review.ResultsSEARCHThe search yielded 829 unique documents. Of the 829 ar-
ticles 430 were excluded through review of the abstracts.
Full texts of the remaining 399 papers were obtained. A fur-
ther 247 of these articles were excluded for not meeting the
eligibility criteria, leaving 152 articles in the review on which
data extraction was performed. In total, 677 papers were ex-
cluded from the review (28 non-human, 181 not OA, 125 not
hand OA, 49 not plain ﬁlm radiography, two juvenile OA,
nine only abstracts, 84 reviews of literature, 39 non-English
and 160 not population-based epidemiological studies).
The majority of papers, 96% (146/152), were obtained
from Medline. Of the remaining two were from Embase,
two from Ageline, one from the Web of Science and one
from the ISI Proceedings. Additionally 24 documents were
obtained from screening reference lists of papers and incor-
porated in the review. In total 176 articles were included for
review. The papers were sub-grouped into community-
based epidemiological studies published in the last 10
years (1997e2006) (n¼ 93) and those published more
than 11 years ago (prior to 1997) (n¼ 83). The reason for
this further subdivision was due to the development of
a number of different grading systems in the period leading
up to 1997.RADIOGRAPHIC FINDINGSHand joints studied
The most commonly studied joints were the DIPs
(n¼ 127, 72%), PIPs (n¼ 115, 65%) and 1CMC (n¼ 113,
64%). Less frequently examined were the MCPs (n¼ 75,
43%), the thumb IP joint (n¼ 62, 35%) and the TS joint
(n¼ 24, 14%). In some instances speciﬁc combinations of
individual joints were studied (n¼ 18, 10%). In other cases
papers did not specify which hand joints had been exam-
ined (n¼ 34, 19%). Only two studies examined the 1CMC
joint alone20,21. The IP joint of the thumb was classed in var-
ious ways: as a DIP (n¼ 17, 10%), as a PIP (n¼ 5, 3%), in-
dividually as the ﬁrst IP joint (n¼ 44, 25%) or it was not
included (n¼ 15, 9%). However, in most cases (n¼ 95,
54%) it was not speciﬁed whether the joint had been exam-
ined or how it had been classed.
Radiographic grading systems used
For each study the system used to grade OA was re-
corded. Grading systems were applied 205 times in the
176 studies. In 29 studies more than one scoring system
was used, this frequently consisted of one global scoring
system and one system that graded individual radiographic
features (IRFs).
In the population-based epidemiological studies included
in this review the global scoring systems of K&L, Bergstrom
and Swanson were used to grade OA10,22,23. In other stud-
ies the authors devised their own global assessments
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included: Altman, Burnett, Kallman, Lane, as well as the
Framingham and Spector grading systems which were
adapted for use in the hand from the knee13e15,26e28. There
were a number of studies where authors devised their own
grading of IRFs (n¼ 12, 7%). Other methods included de-
scriptions based on radiologist’s reports (n¼ 4, 2%). A
small number of studies did not specify how they had
graded radiographic OA of the hand (n¼ 5, 3%).
Overall the most frequently used grading system was the
K&L (n¼ 141) and was used in 80% of studies (Table I).
This included 75% (n¼ 62) community epidemiological
studies published before 1997 and 85% (n¼ 79) studies
published between 1997 and 2006.
On 15 occasions researchers modiﬁed the original K&L
system4,14,21,29e40. Almost all of these modiﬁcations
allowed mild JSN to be present at grade 2 instead of, or
in addition to, the presence of an osteophyte.
A number of the other schemes were used in single pop-
ulations predominately by the authors that developed the re-
spective systems. These were Bergstrom, Swanson, Lane
and Spector grading systems15,22,41e45. The Framingham
and Burnett atlases had been mainly used by the develop-
ing authors but in more than one population37,46e57.
Examining all the studies that scored IRFs (n¼ 50), os-
teophytes and JSN were examined most frequently (92%,
n¼ 46 and 80%, n¼ 40 of studies, respectively), followed
by subchondral sclerosis (44%, n¼ 22), subchondral cysts
(34%, n¼ 17) and lateral deformity (26%, n¼ 13).
Definitions of OA in individual joints
Three separate deﬁnitions to classify OA in individual
joints of the hand were identiﬁed in 71 different papers
(Table II). K&L grade 2 was the most frequently appliedTable I
The number of studies (% of total) that used different radiographic
grading systems to grade hand OA in community-based epidemio-
logical studies by date
Grading systems Pre-1997*
(n¼ 83)
1997e2006y
(n¼ 93)
Total overall
(n¼ 176)
Global systems
K&L 62 (75%)z 79 (85%) 141 (80%)
Bergstrom 2 (2%) 0 2 (1%)
Swanson 1 (1%) 0 1 (1%)
Authors’ own global 0 2 (2%) 2 (1%)
IRF systems
Altman 5 (6%) 7 (8%) 12 (7%)
Burnett 1 (1%) 8 (9%) 9 (5%)
Kallman 4 (5%) 3 (3%) 7 (4%)
Lane 2 (2%) 1 (1%) 3 (2%)
Framingham 0 6 (6%) 6 (3%)
Spector 0 1 (1%) 1 (1%)
Authors’ own IRF 4 (5%) 8 (9%) 12 (7%)
Other
Descriptive
(radiologist reports)
2 (2%) 2 (2%) 4 (2%)
Not speciﬁed 5 (6%) 0 5 (3%)
*Studies that were published before 01/01/1997.
yStudies that were published between 01/01/1997 and 31/12/
2006.
zThe percentages in each column do not add up to 100% as
grading systems were applied 205 times in the 176 studies and
the percentage is the number of times each system was used di-
vided by the number of studies and not the number of atlases
that were used.deﬁnition of OA in a joint (n¼ 69, 97%). It was the only def-
inition used in those papers published prior to 1997 and
95% (n¼ 38) of those published between 1997 and 2006
(Table II). The two other deﬁnitions used, were both applied
on a single occasion, were based on the Framingham and
an unspeciﬁed grading system35,50.
Definitions of hand OA
There were 53 publications that explicitly deﬁned overall
RHOAusing 21 different deﬁnitions based on ﬁve grading sys-
tems (Table III). Eighty-ﬁve percent of papers that deﬁned
hand OA (n¼ 45) and 76% of deﬁnitions of overall RHOA
(n¼ 16) used theK&Lgrading system. Therewere also deﬁni-
tions based on the Altman, Burnett, Lane and Spector scoring
systems as well as two on authors’ own devised grading
systems43e45,55,58e61.
The most frequently applied deﬁnition of hand OA was
K&L grade 2 in at least one hand joint (n¼ 19, 36%)
(Table III). Over half of the remaining deﬁnitions (n¼ 11)
were used only once (Table III). Important differences in
the overall deﬁnitions of hand OA included (1) minimum
number of affected joints (range 1e6)38,62 (2) grade of af-
fected joints43,45,63,64, (3) requirement for certain joint
groups to be affected (e.g., DIPs65, 1CMC, second DIP or
third PIP66 and (4) presence of bilateral involvement65.
Other methods of analysis and classification
A range of alternative methods of classiﬁcation of RHOA
had been used including: summed scores (n¼ 30, 21%),
counts of the number of affected joints (n¼ 21, 14%),
highest grade awarded (n¼ 35, 24%), mean scores
(n¼ 4, 3%), classiﬁcation of speciﬁc joint groups (n¼ 39,
27%), combined radiographic and clinical classiﬁcation
(n¼ 9, 6%) and other (n¼ 8, 5%). Additionally, six different
ways were used to deﬁne moderate and severe OA in 12
studies all of which were based on the K&L grading
system34,36,40,66,68e70,72,74e77.Discussion
The aim of this review was to systematically identify and
review papers that examined hand OA radiographically inTable II
The number of studies (% of total) that used different radiographic
definitions of joint OA in community-based epidemiological studies
by date
Joint deﬁnitions Pre-1997* 1997e2006y Total
overall
K&L
K&L grade 2 31 (100%) 38 (95%) 69 (97%)
Framingham
Framingham grade 2 for
either osteophytes or JSN
0 1 (3%) 1 (1%)
Other
Unspeciﬁed system e
grade of >0 for
osteophytes or JSN
0 1 (3%) 1 (1%)
Total 31 40 71
*Studies that were published before 01/01/1997.
yStudies that were published between 01/01/1997 and 31/12/
2006.
Table III
The number of studies (% of total) that used different definitions of radiographic hand OA in community-based epidemiological studies by date
Hand deﬁnitions Pre-1997* 1997e2006y Total overall
K&L
K&L grade 2 in one or more joints of the hand 7 (47%) 12 (32%) 19 (36%)
K&L grade 2 in two or more joints of the hands 1 (7%) 2 (5%) 3 (6%)
K&L grade 2 in two or more IP joints 2 (13%) 0 2 (4%)
K&L grade 2 in two or more DIPs including the thumb IP joint 0 1 (3%) 1 (2%)
K&L grade 2 in two or more DIPs symmetrically not including thumb IP joint 0 1 (3%) 1 (2%)
K&L grade 2 in three or more IP joints in each hand 0 1 (3%) 1 (2%)
K&L grade 2 in three or more hand joints 0 2 (5%) 2 (4%)
K&L grade 2 in three or more joints distributed bilaterally in each hand including at
least one DIP
0 1 (3%) 1 (2%)
K&L grade 2 in at least six joints of each hand 0 1 (3%) 1 (2%)
K&L grade 2 at 1CMC or two DIPs 0 1 (3%) 1 (2%)
K&L grade 2 in 1CMC or second DIP or third PIPs 0 2 (5%) 2 (4%)
K&L grade 2 in three or more index joints¼ second & third DIPs, second & third PIPs
and 1CMC
0 2 (5%) 2 (4%)
Three groups of joints: DIPs (not including thumb IP), PIPs and 1CMC, a group
considered positive if at least one joint in a group had K&L grade 2, two out of three
groups must be affected
1 (7%) 2 (5%) 3 (6%)
Three groups of hand joints: DIPs & thumb IPs, PIPs and 1CMC & TS, a group
considered positive if at least one joint in the group had a K&L grade 2, two out of
three groups must be affected
0 4 (11%) 4 (8%)
Summed score for three joints of each index ﬁnger K&L grades 0e3 (grade 0 and 1
classed as 0)¼ a maximum of 18. If summed score >0 then OA present
1 (7%) 0 1 (2%)
K&L grade 3 in one or more joints of the hand 0 1 (3%) 1 (2%)
Altman
Altman grade> 1 for osteophytes or JSN 0 1 (3%) 1 (2%)
Burnett
Grade 1 for osteophytes or JSN in at least two DIP joints or either 1CMC 0 1 (3%) 1 (2%)
Lane
Osteophytes of moderate or greater severity by Lane atlas in two or more of the six
joints assessed (second & third DIPs, second and third PIPs, thumb IPs and 1CMC)
1 (7%) 1 (3%) 2 (4%)
Spector
Osteophytes in two or more DIP joints 0 1 (3%) 1 (2%)
Other
Own global assessment involvement of three or more hand joints 1 (7%) 0 1 (2%)
Own descriptive based on radiologist reports, if report included predeﬁned descriptors:
JSN, osteophytes, OA, hypertrophic changes, degenerative joint disease, spurs e
then classed as OA
1 (7%) 1 (3%) 2 (4%)
Total 15 38 53
*Studies that were published before 01/01/1997.
yStudies that were published between 01/01/1997 and 31/12/2006.
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radiographic scoring system and deﬁnitions of joint and
hand OA were recorded. This review did not aim to recom-
mend any one atlas over another but to identify whether
consensus existed regarding which atlas and deﬁnition of
RHOA could be used in community-based epidemiology
studies.
The systematic search and narrative review found that
the IP joint of the thumb was studied inconsistently and
the K&L grading system remained the most frequently
used method of scoring OA in population-based epidemiol-
ogy. There was consistency in deﬁning OA in a single hand
joint as K&L grade 2, however, there were substantial var-
iations in the deﬁnitions of overall RHOA in epidemiological
studies.
Whilst the DIPs, PIPs and 1CMC joints were the most fre-
quently studied, as these joint groups are most commonly
affected by OA, this review demonstrates a lack of consen-
sus on how to classify the IP joint of the thumb; as a DIP,
PIP or a separate joint78e80. In many papers the thumb IP
joint was frequently excluded or not classiﬁed.Our review has shown that the K&L grading system was
the one most frequently used in community-based epidemi-
ological studies and the basis of most deﬁnitions of hand
OA. It was the only grading system used to classify moder-
ate to severe OA81. However, this atlas has been subject to
a number of criticisms. It assumes OA follows a chronologi-
cal sequence where osteophytic development occurs prior
to JSN which occurs prior to subchondral sclerosis82. The
implication of this is that if JSN is present without an osteo-
phyte using the K&L system the joint would be classiﬁed as
having no OA. Another criticism is that there is an over re-
liance on the osteophyte with an osteophyte having to be
present in all grades of OA including grade 183. There
also has been confusion between different version of the
K&L grading system84. In the 1963 atlas the X-ray images
were accompanied by legends describing the features
seen in each particular ﬁlm and it is these that have been
confused with a later written description85.
The development of six new systems for grading OA oc-
curred in the period between 1986 and 1997. These include
the Bergstrom global scoring system and the Altman,
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IRFs13e16,22,26. A further system by Kessler was published
in 200017. These systems were developed to overcome lim-
itations of the K&L system82,86,87. However, the predomi-
nance of use of the K&L grading system has shown to
continue after this period. The preferential use of the K&L
system may be related to its simplicity. In epidemiological
studies a global scoring system is less time consuming
than grading a number of individual features in each joint88.
Many of the other grading systems have only been used by
the developing authors and applied to a single population,
therefore the generalisability of these atlases has not
been established. There are also a large number of studies
that have used their own global or IRF scoring systems in-
dicating that perhaps researchers are tailoring the systems
to their research questions.
With the increase in the number of atlases developed
there has been an expansion in the number of deﬁnitions
of individual joint OA and overall RHOA. Deﬁnitions of over-
all RHOA show the greatest variation. Our review has dem-
onstrated that variation exists in the number of affected
joints, the involvement of speciﬁc hand joints, the grade of
OA and the individual features that have to be present.
These variations may affect reported prevalence rates of
RHOA and reported associations between RHOA and
pain and disability. In a study using the presence of osteo-
phytes of moderate or greater severity in two out of six
assessed joints (Lane scoring system), the prevalence
of RHOA was markedly lower (54%) than a study using
a deﬁnition of K&L grade 2 in one or more hand joints
which reported a signiﬁcantly higher prevalence of 85% in
a group of the same gender and of a similar age43,89. Stan-
dardization of deﬁnition of RHOA in population-based epi-
demiological studies would reduce variations and could
allow better between population comparisons of prevalence
as well as pain and disability.
Our review was performed systematically using prede-
ﬁned criteria and deﬁned objectives. A single reviewer
undertook this systematic search and review. This was
deemed an appropriate method as the reviewer was simply
describing the hand joints scored, the grading systems
used and deﬁnitions stated and therefore there is very little
potential for bias. The majority of papers included in the re-
view were identiﬁed by a single database, Medline. This
would suggest that the inclusion of other databases for this
speciﬁc topic adds limited data. The search was limited by
its restriction to the English language. However, only a small
number of titles and abstracts were excluded for this reason
and it is likely that only a few of these would have examined
hand OA radiographically in population-based studies.
Additionally the majority of schemes that exist for grading
RHOA, except for the Kessler and Verbruggen grading sys-
tems, had been identiﬁed by the review. This review did not
attempt to identify instances where, in the context of one
study, a speciﬁc approach to deﬁning OA in a community
population was used to answer multiple research questions
across more than one publication. This may have led to an
inﬂated number of publications reporting certain scoring
methods. Additionally this review was not able to review
any approaches currently under development.
Published community-based epidemiological studies fre-
quently use the K&L grading system, despite its known lim-
itations, to assess hand OA and deﬁne RHOA at individual
joints and overall. Some agreement exists in deﬁning radio-
graphic OA in a single hand joint. However, even within
population-based epidemiology there are substantial varia-
tions in the deﬁnitions of RHOA, which could hampercomparisons of the prevalence, pain and disability within
hand OA research. A consensus on scoring RHOA could
substantially reduce variations in classiﬁcation. Further in-
vestigation to develop recommendations on how to deﬁne
hand OA radiographically is needed.
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